Introduction {#Sec1}
============

Skin has recently been shown to be a cortisol-producing organ and the cortisol controls the skin itself by regulating differentiation process from basal cells to corneal cells \[[@CR1], [@CR2]\]. The production of cortisol by keratinocytes is affected by the humidity in the environment \[[@CR3]\]. Topical corticosteroids (TCS) may have some influence on the production of cortisol in the skin and its influence can be associated with some side effects of TCS.

There have been many reported side effects with TCS; topical corticosteroid addiction (TSA) \[[@CR4], [@CR5]\] which is discussed mainly in atopic dermatitis (AD) \[[@CR6], [@CR7]\] is one such side effect. As the difference between original AD and TSA is little in the skin manifestation, the conception of TSA has not been widely recognized even among dermatologists. The diagnosis of TSA has been done by the clinical course including ineffectiveness of TCS after prolonged use and severe rebound phenomenon after withdrawal which subsides in months or years without any treatment \[[@CR7]\]. The author built a hypothesis that TSA is caused by the suppressed self-production of cortisol in the keratinocytes and conducted an immunohistological study using anti-cortisol antibody in patients with AD.

Methods {#Sec2}
=======

Eight patients with AD and one healthy individual participated in the study. Skin biopsy was performed from the flexor side of the forearm near elbow. The specimen was fixed by formaldehyde and sent to the laboratory (Morphotechnology, Co., Ltd, Sapporo Japan). The paraffin-embedded specimens were treated by pH 6 citrate buffer solution for 20 min at 95--98 °C for the purpose of antigen retrieval. The monoclonal antibody against human cortisol from Byorbyt Co., Ltd (catalogue number : orb79379) was used as the primary antibody. The dilution ratio was 1:200 and reacting time was overnight.

All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1964, as revised in 2013. Informed consent was obtained from all patients for being included in the study.

Results {#Sec3}
=======

Cortisol in the epidermis was stained homogeneously in healthy individuals by the preliminary study and in all three patients recovered from TSA (Fig. [1](#Fig1){ref-type="fig"}, case 3, 4, and 5). The histological difference among patients with active and inactive eczema in the three cases was in the existence of spongiosis and parakeratosis.Fig. 1Three adult patients recovered from TSA. Case 3 (*upper*): Almost normal clinical and histological appearance. Case 4 (*middle*): Slight chronic eczema with histologically thickened epidermis. Case 5 (*lower*): Acute exacerbated eczema with spongiosis and parakeratosis. Note that the eczema is located on the armpit that is the predilection site of atopic dermatitis without TSA. All cases presented the homogeneous pattern of cortisol staining in the epidermis. *TSA* Topical steroid addiction

A patient with insistent lesion on the face long after TSW also presented parakeratosis and immature corneal layer while the patient showed normal keratosis in the armpit (Fig. [2](#Fig2){ref-type="fig"}, case 4).Fig. 2Supplementation for case 4 (*upper*) and case 7 (*lower*). The *upper* is the cheek in which insistent eczema continued in case 4. The cortisol staining was homogeneous, but the corneal layer remained immature. The eczema was mild in the armpit in which corneal layer was mature (Fig. [1](#Fig1){ref-type="fig"}, *middle*). The *lower* is the improved appearance after 1 year without resuming topical corticosteroid in case 7. The cortisol staining in the epidermis became homogeneous suggesting the recovery of self-production of cortisol in keratinocytes

A child patient with a short history of TCS application (Fig. [3](#Fig3){ref-type="fig"}, case 1), an adult patient with a long history of TCS application (Fig. [3](#Fig3){ref-type="fig"}, case 2) and two patients with rebound phenomenon after TSW (Fig. [4](#Fig4){ref-type="fig"}, case 6 and 7) whose skin manifestations were obviously different from those of typical AD showed patchy defect of cortisol staining in the epidermis. One of the two patients with rebound was re-examined after improvement in 1 year and his epidermis showed homogeneous pattern in cortisol staining (Fig. [2](#Fig2){ref-type="fig"}, case 7).Fig. 3The child patient with a short history of TCS application (case 1, *upper*) and the adult patient with a long history of TCS application (case 2, *lower*). Both showed patchy defect of cortisol staining and prominent parakeratosis with immature corneal layer. Case 2 was apparently well controlled by TCS with the epidermis of normal thickness and few inflamed cells in the dermis. *TCS* Topical corticosteroidFig. 4Three adult patients during the rebound phenomenon after TSW. Case 6 (*upper*): Diffuse papulo-erythematous lesion that is atypical as atopic dermatitis, but typical as topical steroid addiction. Case 7 (*middle*): Erythroderma. Case 8 (*lowe*r): Demarcated geographic erythema that is one typical pattern developing after TSW. Case 6 and 7 showed patchy defect of cortisol staining in the epidermis. Case 8 presented prominent parakeratosis with homogeneous pattern of cortisol staining. *TSW* Topical steroid withdrawal

A patient with rebound phenomenon after TSW whose skin lesion expanded geographically and disappeared as its development showed homogeneous pattern in cortisol staining while parakeratosis with immature corneal layer was prominent (Fig. [4](#Fig4){ref-type="fig"}, case 8).

Discussion {#Sec4}
==========

There has been little reported about the histological or immunohistological characteristics of TSA in AD. Sheu et al. \[[@CR8], [@CR9]\] reported that parakeratosis and insufficient corneal layer formation were characteristic in patients with TSA by examining the inconsistent erythema on the face. The finding coincides with our cases (case 4 cheek, case 5, 6, 7, and 8).

It is well known that cortisol production from the adrenal gland is suppressed by long-term use of systemic steroids \[[@CR10]\]. As far as the skin is also the organ which produces cortisol, its function can be influenced by the long-term application of TCS. The fact that epidermis becomes thin and atrophic after prolonged use of TCS and temporarily thickens after withdrawal \[[@CR11]\] can be explained by that mechanism.

The epidermis is a barrier against external stimuli or allergens. Cortisol production by keratinocytes might work to regulate or moderate the friction between the outer environment and inner immune system by suppressing excessive inflammation or immune reaction. However, prolonged or excessive use of TCS induces skin atrophy which can make barrier function weak. Moreover, the decreased self-production of cortisol by the keratinocytes can cause hypersensitivity. The author considers it is one of the mechanisms of TSA or rebound phenomenon after TSW.

In this study, a child patient with short-term history of TCS application presented patchy defect of cortisol production in the epidermis as with the adult patients with TSA, while the pattern was homogeneous in a healthy adult individual. The author suspects that the production of cortisol in keratinocytes is immature at early ages before childhood and that is the reason why eczema is developed at such ages and heals naturally with growth. Keratinocytes will become mature and begin to produce cortisol homogeneously as to growth.

Parakeratosis or immature corneal layer formation which remains incontinently long after TSW as in case 4 (cheek) might be associated with another mechanism of TSA because the cortisol staining in the epidermis was homogeneous. However, the possibility that the cortisol production in the epidermis is decreasing in such cases still remains because the immunohistological study was not quantitative.

The author admits that the population of the cases is too small to prove the above hypothesis. There is a possibility that further studies put a different interpretation. So the study should be regarded only as a preliminary one.

Conclusions {#Sec5}
===========

Prolonged application of TCS might suppress the cortisol production of keratinocytes which is poorly developed at the early ages before childhood and completed naturally as to growth. Rebound phenomenon after TSW can occur due to the relative insufficiency of cortisol in the epidermis and the immature corneal layer formation.
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